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THE NEW GENERATING PLANTS OF THE NIAGARA
FALLS POWER COMPANY.

BY H. W. BUCK.

The growth of the applications of Niagara Falls power has
been so rapid since the starting up of the first power-house
in 1895 that the entire 50,000 h.p. of the first plant has been taken
up to its limit. This growth was anticipated by the company
-hree years ago, when the hydraulic development of a second
plant was started. This plant is nearly completed and with-
in a few months the first generator of its equipment will be per-
forming useful work.

This power-house, from a popular standpoint, may be con-
sidered a duplicate of the old one, with which every engineer is
familiar, and differs only in some of its technical details. It is
located on the opposite side of the intake canal and nearer to
the river, and has its water wheels placed at the bottom of its own
separate wheel pit. Discharge water is led out from this pit by
a branch tunnel, which after leading independentlv for about 600
feet, joins the main tunnel, which, as is known, bas a capacity
of 100,000 h.p. The new turbines are somewhat different from
those.in power-house No. I, being of the internal discharge type
and having tlhe discharge water carried off through draught
tubes which add about 10% to the effective head, This in-
crease in efficiency gives 10% more power for the same amount
of water used in power-house No. 1, and in consequence the plant
is laid out for 11 units of 5,000 h.p. each, instead of 10. The
turbines were designed by Escher, Wyss & Co., of Zurich, and
were built by the I. P. Morris Company, of Philadelphia. The
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governors were also designed by Escher, Wyss & Co., and are
being built by A. Falkenau of Philadelphia. They are of the
oil pump operated type and give a maximum -variation of speed
of about 5%7, with 100% load variation, and for fractional
changes in load the regulation obtained is about the same as that
of a good steam engine.
The electrical equipment is furnished throughout by the Gen-

eral Electric Company. In general, its characteristics are the
same as in the apparatus in power-house No. 1. The generators
are of 5,000 h.p, each (3,750 k.w) wound for 2,300 volts, two-
phase, 25 cycles at 250 rp.m. This type was decided upon
on account of its exact interchangeability with power-house No.
1. It was considered that thie advantages which might result
from winding the new generators for a higher voltage, would be
more than offset by the lack of interchangeability between two
power-houses located so near together as to be governed by the
same conditions.

Electro-technically, power-house No. 2 differs in several essen-
tial details from the installation in the old plant, the differences
being due largely to the advance of the art since the time when
the first power-house was equipped. The main points of differ-
ence are:

(1) Closer' generator regulation, the regulation on the new
mtachines being 10% and on the old ones about 30%7.

(2) The entire plant will be operated from a single switch-
board instead of two.

(3) The feeders will be protected with automatic oil circuit-
breakers.

GENERATORS.
The first six generators to. be installed will be similar in out-

line to those in the first plant, being of the external field type,
with the nickel-steel revolving magnet ring. This machine is
shown in assembly in Fig. 2. In appearance the most striking
difference is in the omission of the iron bridges over the machines.
This omission results from the collector rings being placed at the
bottom of the dynamo shaft, instead of at the top.
As stated above} the principal difference in these new gener-

ators is in the matter of regulation, the regulation being nearly
three times as close. This closer regulation was adopted in
order to ensure constancy of voltage on the system with varia-
tions in load, and also to reduce to a minimum the unbalancing



768 BUCK: NIAGARA POWER PLANT. [June 18

of the v;oltages on the different phases caused by difference in
loads u'pon them. These points are of great importance on such
a system as that of the Niagara Falls Power Company. Many
electrical distribution systems are made up of a very large num-
ber of small consumers of power and the actions of any one cus-
tomer have little effect upon the voltage of the system; conse-
quently, in such cases, regulation is not of such vital importance.
But the Niagara Falls system is made up of a comparatively
small.number of very large consumers of power, any one of whom
may, by a change in his load, cause a serious disturbance on the
circuits. Furthermore, it is unique in one of its characteristics,
in that much of the power is used on large single-phase electric
furnaces, which take their power from one phase only. Since it
is impossible to control these furnaces, so that at all times the
same number shall be in operation from each of the two phases,
inequality of load on the phases results and the voltages are un-
balanced. This unbalancing is disastrous to polyphase syn-
chronous and induction motors on tlie system, for the high volt-
age phase tends to carry all the load, and the windings on this
phase are overloaded. These results can be rendered inappre-
ciable only by the use of generators of close regulation.
The armature winding is a two-circuit series closed winding

and consists of formed one-turn coils placed in open slots with
two coils to a slot. The conductor is made up of stranded cable
pressed into rectangular shapes. This stranding of the con-
ductor reduces eddy current losses in the armature conductor
itself which exist in the case of a large solid bar, as used in the old
machines. The open slot is also considered an advantage in a
machine of such great length of armature core, for in the closed
slot it is necessary to drive the armature bar with its insulation
on throughout the length of the slot in order to put. it in place.
The system of interlacing the end windings used in the new ma-
chines gives strong construction to withstand the displacement
strains caused by short circuits.
The system of ventilation is radically different in the new ma-

chines. Referring to Fig. 2, a baffle plate-will be seen between
the bottom of the armature winding and the bottom of the re-
volving field. This forces all the air which is actuated by cen-
trifugal pressure to enter the machine at the bottom inside of
the armature shell. From here the air passes outward through
the air ducts in the armature core, cooling the iron and the wind-
ing. It then continues outward radially between the layers of
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the field winding into an annular space at the back of the field
coils and thence outward through holes in the magnet ring,
which are bored in line with the pole-piece bolts. The action is
that of a centrifugal blower, caused by the rotation of the field
poles and ring. Some of the air also passes outward at the top
of the ring through ventilating holes provided for the purpose.
The operation of the air system is very satisfactory, and the
blast of ai- secured is tremendous. From tests which have
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with five 5,000 h.p. machines of the internal revolving field type
shlown in Fig. 3. It was decided that the last five machines of
the installation should be of this type on account of the mnuch
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lower cost of building, simplicity of handling and accessibility to
the various parts, as compared with the external field design.
These machines are also wound for 2,300 volts, 25 cycles, two-
phase and operate at a speed of 250 r.p.m.

These machines will have the same regulation as the first six
installed, and in other respects the electrical constants will
be the same. From the drawing in Fig. 3, the construction
may be clearly seen. It is similar to the standard horizontal
shaft engine-driven alternators of well-known types, and its
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method of ventilation is tlle same. Recent improvements in the
mechanlical construction of generators'have made this type pos-
si.ble at the high speed of 250 r.p.rn. and imrprovemrents in water-
wheel governors have made permissible the lowe:r fly-wheel effect
incident to this design, and the consequent omnission of the nickel-
steel ring of the first machines.

In the two power-houses, then, there will be three tvpes of
generator,but no trcouble is expected in operating all the mnachines
in parallel. As is well-known, when two alternators of differenlt
regulation operate in parallel, tlhe resultant regulation is the mean
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between the two. Idle current between the two types may be
prevented by careful adjustnment-of the field currents.
The guaranteed efficiency of t.he external field generators was;

Full load ..... 98%
4 load ..... 97.3%
2 load ... .. .......... ... 96%

From actual test, the full load efficiency has come out 98.15%
which is probably: the highest ever attained in an electrical
generator.

EXCITER PLANT.
The exciter plant in the new power-house will be quite differ-

ent in arrangement from the old one. The installation will be
made complete with the exciter switchboard in a compartment
recessed into the rock at the bottom of the main wheel-pit, as
shown in Fig. 1.. This position will eliminate the long shaft
necessary with exciters placed on the. main dynamo floor and
will simplify the operation of the plant. The equipment will
consist of four 150 k.w.compound wound, vertical tshaft, 220 volt
exciters each coupled to an independent turbine, placed directly
underneath. The speed is 750 r.p.m., and eaCh: exciter turbine
is controlled by a separate governor. The exciter plant wiring
diagram is shown in Fig. 8. It will be seen that the power-house
lights and auxiliary motors will be operated from this plant. A
panel is also provided for interconnection with the exciter plant
in power-house No. 1. The double set of bus-bars permits of
the separation of exciting, circuits and lights and motors. The
exciter compartment will be directly connected by telephone
with the main generator switchboard.,

MAIN SWITCHBOARD.
As in all plants, the most important element for successful

operation is the layout of the switchboard apparatus. The switch-
board in power-house No. 2 has been carefully considered and is
believed to be convenient and as simple as it can be made and
still accomplish the desired results. There has been a ten-
dency in the design of some of the recent largeswitchboards,
toward complexity and the installation of unessential appliances
which by their presence cause more trouble and confusioll per se
than that which they are intended to prevent. This has been
avoided as far as possible in the design of this board.

Fig. 4 shows a plan of the power-house floor and the relative
positions of generators, switchboard gallery, oil switches and
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cable subway. Fig. 6 shows a section through the oil switches
and cable subway and indicates the location of the bus-bars
placed in fireproof compartments. Fig. 5 shows a front eleva-
tion of the main switchboard gallery and controlling panels.
In respect to switching,the power-house is divided into two parts,
one of six generators and one of five. Each part has its own
group of oil switches and its double set of bus-bars. Fig. 10
shows the relations between the two groups and also the inter-

12IBEAM@3Si'2 LBS. _ _ _

FIG. 6.-Section through Cable Subway under Oil Switches showing Bus-
Bars, etc.

connections with power-house No. 1. All the switches in the
new power-house are the General Electric electrically operated
oil break type of the well-known design. This switch is shown
in Fig. 7. All cables are led through the cable subway. They
are heavily insulated with rubber, covered with a fireproof braid
and supported on brackets with porcelain clamp insulators.
The main switchboard consists of a gallery in the center of the

building, having mounted on it 36 separate controlling panels:
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11 generator, 22 feeder, 2 interconnecting and 1 exciter panel.
The relative location of these panels may be seen in Fig. 5, to-
gether with their equipment. All the switching is done on these
panels by means of relay switches, placed in distinctive relation
to one another and in such a relation to imitation bus-bars
placed throughout the face of the switchboard, that the connect-
ti-ons are clearly indicated and no mistake in switching can easily

Hous No.2.TI 4 1 7e4

Fr tw7o-2200 volt, 2-Phase Electrically operated C-ircuit-Breaker, Power-
House NO. 2.

be made. On the gen'erator panels are two selector relay
switches and one generator relay switch; on the feeder panels
are two relay selector switches, and on the interconnectirng
panels are relay interconnecting switches, for making the various
connections between the two groups in the new power-house and
between the two power-houses. On the sub-bases of the gener-
ator panels are dummy exciter bus-bars, with relay double-
throw generator field switches. All these relay switches operate
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electrically the real switches, on the power-house floor and
have the exact relation to the dummv bus-bars which the real
switches have to the real bus-bars, so that even a green man
could hardly make a mistake in throwing a switch. Return
indicators are placed adjacent to the relay switches, so that the
operator may tell at once whether the real switch has responded
correctly to the movement of the relay.

There has been a considerable craze during the last few years
-for the operation of switchboard apparatus by bench-board con-
trol, but in designing the board for this plant, the bench-board
system, although carefully considered, was rejected as incon-
venient. In the bench-board system, the operator in switching
must first go to the bench-board and pick out the relay switch
in question, then taking his eye off the switch, he must pick out
from a concentrated mass of instruments in front of him on
entirely separate panels, the instruments involved in the move-
ment which he is about to make. This is not altogether con-
venient, and there is always a chance of a mistake. It is be-
lieved that the advantages of this bench-board system are mnore
imaginary than real.

In the switchboard installed in this plant, each panel is a com-
plete unit, and comprises all the apparatus, both switches and
instruments, which are necessary for any operatioln which may
be made upon it, so that when the operator goes to a feeder or
a generator panel he has before him, enclosed within the lilnits
of the particular panel, all the apparatus with which he is con-,
cerned at the time. All synchronizing will be done by means of
a Lincoln synchronizer placed upon a swivel on the top of the
switchboard.
The generator field rheostats and field switches are located

under the main switchboard gallery. All feeders are equipped
with recording wattmeters installed in the basement of the nlew
office building, through which the outgoing feeders pass at the
end of the cable subway.

It is the intention to operate the 21 generators normally in
four independent groups, but the interconnections are so ar-
ranged that they may all be operated in parallel if desired, or any
one generator may be thrown on any group. These connections
are indicated in Fig. 10.
The feeder circuit-breakers will be operated by time-limit

relays having an attachment devised by Mr. W. K. Gibboney
of the Power Company. A time-limit relay is a useful device for
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preventing a circuit-breaker from opening unnecessarily at times
of momentary overloads, but if a real short-circuit occurs, it
is objectionable. Experience has shown that on a system
like that at Niagara, where there is a large amount of syn-
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FIG. 8.-Wiring Diagram, Excitter Plant Power-HI-ouse No 2.

chronlous apparatus in operation, if a short-circuit occurs it mnustS
be disconnected at once, or else the prolonged drop in voltage-
will cause all of the synchronous apparatus to drop out of step;
whereas, if the short-circuit can *be disconnected instantly, the
inertia of the rotating parts of the synchronlous apparatus wilLl
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keep them in step for this short period. For this reason, the
ordinary time-limit relay is objectionable, since it causes a delay.
The device referred to above consists of a dash-pot attachment
to the tripping plunger of the circuit-breaker. This retards the
movement of the plunger and consequently the opening of the
breaker for ordinary temporary overloads, but if a real short-
circuit occurs,the pull on the plunger is so strong that the dash-
pot lhas no effect and the circuit-breaker opens instantly.

T.
I j1'- X 124 214

v~ ~ ~ H CANADIAN PLANT.

',Q-i1111l

FIG. 9.-10,000 H4.P., 12.000-Volt} 3-Phase, Generator, Ca-nadian Power-
Hiouse e

THE CANADIAN PLANT.
Anticipating still further increase in the use of Niagara power,

the Niagara Falls Power Company has, through its allied com-
pany, the Canadian Niagara Power Company, started work on
its plant on the Canadian side of the Falls. This plant will be
located in the Victoria Park about 1,500 feet above the Horse
Shoe Falls. Its hydraulic feature will be similar to the Alm-eri-
can plants, with its intake canal, wheel-pit and discharge tunncl
leading to the foot of the Horse Shoe Falls. This power devel-
opment will be used for the transmission of power to Toronto
and other Canadian cities within transmission distance, and for
the distribution of power to factories located in Canada in the
neighborhood of the power-house. It will also be used for the
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supply of power to the American power system, with which it
will be arranged to operate in parallel.

The essential difference embodied in this plant will be in the
size of unit and in the electrical arrangements. The unit will
be of 10,000 h.p. capacity (7,500 k.w.), and the generators will
be wound for 12,000 volts three-phase. The frequency will be
retained at 25 cycles for the sake of uniformity with the Amer-
ican plants, so as to permit of parallel operation. In selecting
this size of unit the American and Canadian systems were re-
garded as one. Since this is likely to ultimately reach an out-
put of several hundred thousand horse power, a unit of 10,000
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FIG. 10.-Showing Interconnection between American Power-Houses.

h. p. is not a large proportion of the whole and is not too large an
amount of power to concentrate in one machine from the stand-
point of convenience.
The principal advantage of a unit of this size over the smaller

one is in the reduction in cost of development per h.p. This re-
duction in cost results from

(1) Lower cost of generator per h.p.
(2) Lower cost of turbines per h.p.
(3) A 10,000 h.p. unit occupies only slightly more space than

one of 5,000 h.p. capacity which results, for a given plant output,
in great reduction in length of wheel-pit, power-house and fore-
bay and a consequent reduction in construction.
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Other advantages will result, such as simplicity of operation,
owing to the reduction in the number of units and reduction in
the cost of maintenance. This size of unit was suggested by the
engineers of the Niagara Falls Power Company and was adopted
upon their recommendation. The generators, three of which

CANADIAN
Power House To Toronto

60000 Volts - 3 Phase

Generators

000 Volts 3 Phase__
Local Service

1000 Volts 3 Phase

Bus Bars
11000 Volts - 3 Phase

d0-

C)

interconnecting

AMERICAN
Power Houses Transformers

Generators
2200 Volts - 2 Phase

Local Se-rvice Bus Bars
2200 Volts - 2 Phase, 'I 0 V15 hs

Boa Bars To Niagara Falls
2200 Volta - 2 PhasePve Crpn

Bus Bars ~~~~Power Company
Tenants

FIG. 11.-Method of Interconnecting American and Canadian Power
Systems

-have been ordered, are being constructed by the General Electric
Company.

This generator is shown in assembly in Fig. 9. It is of
the internal revolving-field vertical shaft type. Its revolving-
field ring is built up of punched laminations bolted together with
joints lapped. This method of construction gives a uniform and
definite strength of ring and high magnetic permeability. On
account of the high speed, 250 r,p.m., the generator is very small
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as compared with some of the large engine-driven units, its over-all
diameter being only about 19 feet. The weight of the revolving
part of the machine is 141,000 lbs., with a fly-wheel effect at 250
r.p.m. of 2,000,000,000.
The generators are wound directly for 12,000 volts three-

phase instead of 2,300 volts two-phase, as in the American
plants. This high voltag,e was selected, not for long-distance
transmission, but for economy in distribution to power users.
near the power-house. In distributing large amounts of power
underground from a 2,300 volt, two-phase plant, after a radius
of about one mile is exceeded, it becomes cheaper to transform
to 12,000 volts three-phase and distribute at this voltage than to
supply power directly at 2,300 volts. From this it becomes evi-
dent that great economy results from the direct generation of
the higher voltage. For long-distance transmission, step-up
transformers will be used to raise the voltage to 22,000, 40,000 or
60,000 volts.

Fig. 11 shows the method which will be adopted for operating
in parallel the American and Canadian systems. The connec-
tion will be made by triple conductor cables carried across the
upper arch bridge over the Niagara Gorge. The paralleling will
be done through step-down Scott connected transformers, as
shown.
The switchboard and auxiliaries have not yet been decided

upon for this power-house. It is not expected that it will be in
operation for a year or eighteen months.

NIAGARA FALLS, June 6, 1902.


